Biological effect monitoring of occupational exposure to 1,3-dichloropropene: effects on liver and renal function and on glutathione conjugation Sir,-The report of Brouwer et al (1991;48:167-72) states that in workers applying 1,3-dichloropropene (1,3-DCP) moderate induction of hepatic enzymes is indicated and subclinical nephrotoxic effects cannot be excluded.
In our opinion this study does not present evidence for a causal relation between exposure to 1,3-DCP and the reported effects for the following reasons.
(1) Study design Significant shortcomings in the design of the study are:
(a) We conclude that the liver and the kidney are not primary target organs of 1,3-DCP toxicity in experimental animals.
(3) Liver enzyme induction The authors' reasoning for the moderate induction of liver enzymes by exposure to 1,3-DCP is based on the observations of a non-significant increase of serum y-glutamyltranspeptidase (GGT) activity and a decrease in total bilirubin concentration, both within the normal range, at the end of the application season.
Indeed, changes in these parameters have been demonstrated in patients treated with enzyme inducing drugs, albeit much more pronounced.78
It should, however, be borne in mind that for quantification of enzyme induction more specific tests have to be used such as the determination of the half life of antipyrine in plasma or Dglucaric acid excretion in urine.
Also, the small changes in the study of Brouwer et al may be caused by a change in lifestyle of the workers during the season-for example, an increase in use of alcohol and tobacco. Unfortunately this was not monitored by the authors. Therefore we are ofthe opinion that the conclusion of exposure related "moderate enzyme induction" is not justified.
(4) Subclinical nephrotoxicity
The authors claim of "subclinical nephrotoxicity" is based on three findings:
(a) A DECREASED EXCRETION OF
CREATININE
In the abstract it is stated that creatinine excretion decreases from 93 to 87-5 pmol/l, which suggests a decrease in creatinine clearance-that is, a deterioration in glomerular function. What the authors want to say, however, is that there is a decrease in serum creatinine from 93 to 87-5 smol/ (table 2 of the manuscript) which, by contrast, could be interpreted as an improved glomerular function at the end of the season.
(b) AN INCREASED EXCRETION OF URINARY ALBUMIN
The median concentration of urinary albumin increased from 5 2 to 7 6 mg/ 1. Apart from exposure to 1,3-DCP, this change could be attributed to intra-individual variation. This has been clearly shown by Stonard et al who found a similar change in a control group that was examined three times at monthly intervals.9
We do not believe that a change from 5-2 to 7 6 mg/l may be interpreted as a "subclinical nephrotoxic effect." This opinion is based on recently published geometric mean values of urinary albumin excretion in healthy subjects, ranging from 4-8 to 6-4 mg/g creatinine.'"'3 The after season urinary albumin concentration in 1,3-DCP workers is in this range if it is accepted that 7-6 mg/l corrected for specific gravity is equivalent to 5 1 mg/g creatinine. " Therefore the statistically significant increase is in the lower normal range and not related to tubular dysfunction.
Our conclusion is that the changes of each parameter of renal fumction before and after the season were in the normal range and without (sub)clinical significance for the workers. Furthermore, no evidence exists for a causal relation with exposure to 1,3-DCP.
NJ VAN The authors' reply Sir,-Van Sittert et al are to be praised for their meticulous scrutiny of our article. The fact, however, that they dispute most of our conclusions is, in our view, based on the understandable fear for regulatory authorities who might misinterpret our findings rather than on purely scientific arguments.
(1) Study design We have chosen a longitudinal study rather than a single observation compared with a control group. Intraindividual variation may play a part for some of the measured parameters and should, indeed, be checked by a control group. We may assume, however, that intra-individual variation is not likely to explain the observed changes which-with the exception of serum creatinine-all point towards liver enzyme induction, subclinical nephrotoxicity, and impairment of the erythrocyte glutathione system. Controls for analytical variation were included as part of our normal laboratory routine; in this respect the addition of a control group would not have improved the results. We admit that exposure measurements did not take place in direct relation to the biological effect monitoring. Therefore, a dose-response relation could not be established. Exposure studies in the same group of workers and in the same period, however,"2 supplied convincing evidence that the exposure of these applicators to 1 ,3-DCP often exceeded the short term exposure limit of 2 x occupational exposure limit.
(2) Target organs It was beyond the scope of our study3 to review all available animal data. We referred to Torkelson and Oyen4 because it was on this publication that the TLV was based. It is not clear what Van Sittert et al mean by referring to a possible difference between commercial and non-commercial 1,3-DCP.
(3) Liver enzyme induction We see no reason to question our conclusion that exposure to 1,3-DCP leads to moderate enzyme induction. Both bilirubin and serum GGT are known as indirect indicators for enzyme induction,5 and we see no other explanation for the changes in these parameters than moderate enzyme induction. Average alcohol and tobacco consumption were monitored before the study and it is unlikely that this changed during the observation period to such an extent that it might explain the observed effects. It is known from clinical practice6 that the reaction of serum GGT activity even to potent enzyme inducers is most whimsical, and that there is no dose-response relation.
The parameters for enzyme induction advocated by Van Sittert et al are either invasive and indirect (antipyrine half life) or obsolete (Dglucaric acid).' Moreover, they should keep in mind that enzyme induction is an adaptive mechanism rather than an indicator for toxicity.
(4) Subclinical nephrotoxicity Van Sittert et al are rightly confused by an error in the abstract ofour article (creatinine excretion instead ofconcentration) which was corrected in the April issue of this journal. We do not agree, however, with their conclusion that the observed significant changes in urinary albumin and RBP are without (sub)clinical significance. Changes in renal parameters, even within the normal ranges, reflect an effect on renal function. It is a matter of semantics whether this effect should be referred to as either "subclinical nephrotoxicity" or "biological effect." In our view, any change in renal function in an adverse direction as a result of exposure to an occupational substance has to be considered an undesired effect. Therefore, we see no reason to review our conclusion that exposure to 1,3-DCP may result in subclinical nephrotoxicity.
In conclusion, we do not agree with Van Sitter et al that our study presents no evdence for effects of 1,3-DCP on the human liver and kidney. We believe that the reported findings are strong enough to justify further more detailed investigations into the effects of this important industrial substance on human liver and kidney functions. 
